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Introduction
Knee arthroscopy for meniscus injury is one of the most commonly performed procedures in orthopedic surgery [1, 2] . Meniscectomy was the most common arthroscopic procedure undertaken to address the symptoms of a meniscus tear [1, 3] . There is the widely accepted recognition that the meniscus is critical to effective load transmission [4, 5] and shock absorption [6] , and a number of studies have reported that meniscus resection significantly increases the risk of subsequent osteoarthritis [7] [8] [9] [10] [11] . Some studies have demonstrated that the clinical outcomes and the long-term cost-effectiveness after meniscus repair are superior to those of meniscectomy [12] [13] [14] [15] , although it appears to have a higher reoperation rate than partial meniscectomy [11] . Recently, a greater emphasis has been placed on meniscus preservation for the prevention of osteoarthritis, especially in young patients [16] [17] [18] . Advances in arthroscopic devices and techniques [14, 19, 20] have made suturing of the meniscus less technically demanding, allowing repair of a variety of injuries including root tears [21] and horizontal tears [22] . In contrast, partial meniscectomy is generally still performed for the treatment of tears in middle or older age, as age-related degenerative tears are not expected to heal by suturing [23] . Nevertheless, numerous randomized clinical trials have shown that partial meniscectomy has no advantage over non-surgical treatments for middle-aged and older patients [24] [25] [26] [27] [28] [29] . Athletes with meniscus tears sometimes undergo partial meniscectomy when they are eager to return to competition quickly and with a lower risk of reoperation [11, 30] .
Nationwide studies of trends in meniscectomy and meniscus repair illuminate how the clinical evidence base influences the selection of surgical techniques. Three previous studies from the United States showed divergent trends in arthroscopic meniscus surgery; one of them reported a decrease in cases of meniscectomy per surgeons [31] , while the other two showed that the incidence of meniscectomy was stable or increasing [16, 32] . As for meniscus repair, two of them reported an increase in meniscus repair [16, 31] , but the proportion undergoing meniscus repair was still substantially lower than meniscectomy, even among young patients [16] . These results indicate that the trends of meniscus surgeries may not fully reflect recent evidence on meniscus treatment. However, these previous studies are mostly from the United States, and may not be generalizable to other countries. Further investigation on this issue is required using data from other countries; also, the previous studies lacked detailed information on patient characteristics undergoing arthroscopic meniscus surgeries [16, [31] [32] [33] .
The objectives of this study were to use a national database to examine recent trends in arthroscopic meniscus surgery in Japan, and establish the characteristics of patients undergoing meniscus surgery. We hypothesized that there would be an increase in the proportion undergoing meniscus repair and a decrease in meniscectomy, especially in young patients.
Materials and methods
Inpatient data were obtained from the Japanese Diagnosis Procedure Combination (DPC) database. All 82 academic hospitals in Japan are mandatory contributors, but participation by community hospitals is voluntary. The DPC database contains discharge abstract and administrative reimbursement claims data for inpatient episodes collected from participating hospitals, the details of which have been documented elsewhere [34] [35] [36] . Data were collected for 6 months (July to December) of each year from 2007 to 2010, but have been collected continuously since 2011. The database conforms to the Japanese academic year, which starts in April and ends in March. Data were therefore entered to the DPC for the following periods: To optimize the accuracy of the data, doctors in charge are required to document the diagnoses using ICD-10 codes, and the types of surgery or interventions coded by the Japanese original K-code, with reference to the medical records. The Institutional Review Board at our institution approved the study design and waived the requirement for informed consent as all data are anonymous.
All inpatients undergoing arthroscopic meniscectomy (K-code: K068-2), arthroscopic meniscus repair (K-code: K069-3) or both during a single admission were included in our analysis. The following data were extracted from the database: diagnoses, surgical procedures or other interventions during hospitalization, and demographic data such as age and sex.
We first examined annual trends in meniscectomy and meniscus repair during the study period, using data from July 2007 to March 2015, a total of 75 months. Next, we analyzed the data having divided patients into one of three age categories: < 30 years old; 30-59 years old; ! 60 years old. Then, we analyzed trends categorized by site of injury: medial; lateral; bicompartmental (those in whom injured compartments were not recorded were excluded from this subgroup analysis). Further, we examined the age distribution of patients undergoing meniscus surgery, taking into account procedures, injured compartments and sex; patients were categorized by their decade of age.
The SPSS statistical software package (version 23.0; IBM, Armonk, NY, USA) and R version 3.1.3 (The R Foundation, Vienna, Austria) were used for all analyses. The Cochran-Armitage test was undertaken for trend analysis. The threshold for significance was < 0.05.
Results
We identified 83,105 patients who had undergone arthroscopic meniscus surgery during the study period: 69,310 underwent meniscectomy, 13,416 meniscus repair and 379 underwent both during a single admission. Overall, 31,712 patients had medial tears, 20,299 had lateral tears and 399 had bicompartmental tears; the site of injury was not recorded in 30,695 cases.
There was a more than threefold increase in the proportion of patients undergoing meniscus repair during the study period, rising from 7.0% in 2007 to 25.9% in 2014 (p < 0.001). In contrast, the proportion undergoing meniscectomy decreased from 92.8% to 73.3% during the same period (p < 0.001; Table 1 and Fig 1) . The proportions undergoing meniscus repair increased significantly in all age groups (p < 0.001 for all analyses, Table 2 and Fig 2) . By 2014, the proportion of patients < 30 years old undergoing meniscus repair increased to exceeding the proportion undergoing meniscectomy (50.3% compared with 48.3%, respectively). Annual trends categorized by injured compartment are shown in Table 3 . The proportions undergoing meniscus repair showed significant increases in both medial and lateral tear (p < 0.001 for both analyses), although those of lateral meniscus were larger than those of medial one throughout the study period.
The age of the entire cohort exhibited a bimodal distribution, with peaks at 10-19 years and 60-69 years (Table 4 ). Subgroup analysis revealed that the bimodal distribution was maintained in the meniscectomy group with peaks at the same ages, but there was a monomodal age distribution of patients undergoing meniscus repair that peaked at 10-19 years. For patients under the age of 49 years, the proportion of males undergoing meniscus surgery was greater; however, patients 50 years of age or older were more likely to be females. The site of injury also appeared to be influenced by age: medial tears were most common at 60-69 years of age and lateral tears at 10-19 years of age.
Discussion
Between 2007 and 2014 in Japan, arthroscopic meniscus repair became increasingly popular at the expense of meniscectomy. In the last survey year, the proportion of patients under 30 years old undergoing meniscus repair exceeded that of patients undergoing meniscectomy. The age distribution of patients undergoing meniscectomy presented bimodal peaks at adolescence and at early old age, while meniscus repair showed a single peak in adolescence. There have been several nationwide studies describing medium-to long-term trends in meniscus surgery. Investigators from Denmark examined the annual incidence of arthroscopic meniscus procedures from 2000 to 2011 using the Danish National Patient Register [33] . The incidence of meniscus surgery increased over time in all age groups, with the largest increase observed in patients over 55 years old, but surgical technique was not recorded; consequently, Annual trends in meniscus surgery of Japan practice patterns among arthroscopic surgeons toward meniscus preservation. However, the proportion of meniscus repair among meniscus procedures was still much lower than that of meniscectomy, and it is estimated that the result of this study did not reflect the nationwide trend because only the cases in teaching hospitals were included into the cohort. We found the largest ever increase in the proportion of patients with meniscus injury undergoing meniscus repair, especially in young patients (< 30 years of age), which was a distinct trend compared to the previous studies above. This may reflect the growing awareness of the importance of meniscus preservation among arthroscopic surgeons in Japan. Meanwhile, a significant decrease in the proportion of patients undergoing meniscectomy was also observed, potentially explained by the growing body of evidence that meniscectomy does not improve the outcome of degenerative tears [24] [25] [26] [27] [28] [29] . This is in contrast with two of the previous studies, which reported stable or increasing numbers of patients undergoing meniscectomy [16, 32] , and chimes with one of them [31] .
Meniscus tears generally fall into one of two categories [16, 23, 37] , degenerative tears (which become more common with aging) [38] and traumatic tears (which are often associated with sports injury and consequently occur in younger patients) [16, 23] . In our cohort there was a bimodal age distribution, with surgery being undertaken most often in the teens and the sixties. All other previous reports have demonstrated a unimodal age distribution, with surgery most common in middle or older age [16, 32, 33] . Our finding reflects the relatively higher incidence of meniscus surgery in young patients and the lower incidence in middle-aged and older patients in Japan. This trend is strengthened by the most recent census [39] ; those 60-64 years of age accounted for 7.9% of the total population, the largest of the all age categories, while those aged 15-19 years comprised only 4.8% of the total population.
Our finding that meniscus repair was most commonly carried out in patients aged 10-19 years is consistent with previous reports [16, 32] , but the bimodal age distribution for meniscectomy, with peaks at 10-19 and 60-69 years of age is not. Indeed previous studies have found that meniscectomy was undertaken most often in middle or older age [16, 32] . This finding may be explained by the falling frequency of meniscectomy in middle-aged and older patients, and the higher prevalence of discoid meniscus in Japan [40, 41] , which is a major cause for meniscectomy in children and adolescents [40] [41] [42] .
In the subgroup analyses, we found that medial tears occurred approximately 1.5 times more often than lateral ones, which is comparable to a 2:1 ratio reported by Campbell and colleagues [43] . Then, we found that medial tears were most common in those aged 60-69 years, while teenagers were more susceptible to lateral tears. These findings were consistent with but more pronounced than a nationwide study in the United States [32] , and supported the hypothesis that medial tears are a degenerative injury, whereas lateral tears mainly arose from trauma or as a complication of a lateral discoid meniscus [42, 44] . Further, this difference in age distribution between site of injury accounted for the larger proportions in repair of lateral meniscus than medial one.
Among patients younger than 50 years old in our cohort, males had a greater proportion of meniscus surgery than females. This trend is compatible with the previous study describing that young males may more frequently engage in high-risk activities that was susceptible to meniscus injuries [16] . By contrast, the majority of patients over the age of 50 years undergoing arthroscopic meniscus procedures were females. As degenerative meniscus tears are strongly associated with the initial stages of knee joint osteoarthritis [23] , this finding corroborates that of the ROAD study [45] , a population-based cohort study in Japan, which found that females were twice as likely as males to exhibit radiographic evidence of knee osteoarthritis.
Our study had several limitations. First, miscoding of procedures may have occurred, leading to flawed data. While this is a concern for any study using administrative data as verification of the data for each patient is not possible, we nonetheless assume that the rate of coding error in the DPC is low because data are entered by physicians and subject to internal audit. Second, meniscus procedures performed simultaneously with anterior cruciate ligament (ACL) reconstruction cannot normally be claimed together in the Japanese healthcare system as only the fees for ACL reconstruction can be reimbursed; consequently, these cases were excluded from our study cohort. This exclusion of meniscus procedures concomitant with ACL reconstruction might have some influence on the annual trends and the age distributions shown in the present study. However, as the majority of ACL injury occur in youth [16] , this would not alter the increases in the proportions undergoing meniscus repair shown in Table 1  and Table 3 , or the peaks at adolescence of the whole cohort, the meniscectomy group and the meniscus repair group shown in Table 4 . Third, the injured compartment was not recorded in a substantial number of cases, likely because this is not compulsory for reimbursement in the DPC system. This would also affect the annual trends and the age distributions categorized by site of injury. Fourth, the DPC database is a patient discharge and administrative claims database, and lacks outpatient data. Therefore, outpatient arthroscopic surgery was excluded from our study. Although a large part of knee arthroscopy is done on an outpatient basis in some countries, such as the United States [46] , almost all arthroscopic surgery is still performed in an inpatient setting in Japan. Fifth, the data collection periods for the DPC database were limited to the latter half of the year (i.e., July to December) from 2007 to 2010, while the data has been collected throughout the year since 2011. However, we preliminarily confirmed that there was little difference in the annual proportions of meniscectomy and meniscal repair between April to March and July to December; thus, we included all of the cases registered in the DPC database. Sixth, the DPC database does not provide detailed clinical information, such as activity level and operative technique. Finally, there may be some selection bias because not all of the hospitals in Japan adopt the DPC system; contribution to the database by academic hospitals is mandatory, whereas community hospitals participate only voluntarily.
Conclusions
There were a rapid increase in the proportion of patients undergoing meniscus repair, and a significant fall in the proportion undergoing meniscectomy in Japan between 2007 and 2014, especially in younger patients, which were characteristic trends for the country. Meniscectomy was performed most frequently in early old age followed by adolescence, while meniscus repair was most often performed during adolescence. 
